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Re-design Gaussia luciferase using a novel Screening Protocol based
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ABSTRACT

This thesis is composed of four chapters. Chapter 1 is a summary of current
research on Gaussia luciferase (GLuc) and bacterial lysis. It ends by giving the aim
and significance of this research: Establish a convenient protein screening protocol
using VanX mediated mild bacterial lysis, and apply this protocol to improve

GLuc’s bioluminescence characteristics.

In chapter 2, I review all literature focusing on GLuc domain analysis and
mutagenesis redesign. I also review the bacterial production of natively folded
GLuc with special emphasis on its disulfide bond formation. After that, I discuss
and predict the domain structure and location of the catalytic region based on
literature and on bioinformatics analysis. The mutation sites of W143 and L144
were selected out of potential active sites in the second catalytic domain. In this
same chapter, I bacterially expressed and characterized the bioluminescence
activity of reported GLuc variants GLuc-MONSTA and demonstrated
GLuc-MONSTA exhibits an 8nm red-shift luminescence spectrum compared with

that of GLuc-TG (wild type wavelength) under strictly controlled in vitro conditions.

In chapter 3, I report a novel bacterial screening protocol based on a prior
study which established a co-expression autolysis system. In this protocol, the
target protein GLuc was co-expressed with VanX, an enzyme which mediates

Escherichia coil (E.coli)’s autolysis, resulting in GLuc being released into the




culture medium. The luminescence of GLuc was conveniently measured from
crude medium without any cell breakage. I proved this protocol was able to detect
luminescence wavelength shifts as small as 1.5nm. The performance and
versatility of this protocol was demonstrated by applying it to a semi-rational
search for GLuc variants with red-shifted bioluminescence. Six GLuc’s sites, F113,
1114, W143, L144, A149 and F151, were randomly mutated, and for each site, 50
colonies were cultivated in 3mL samples, from which bioluminescence was
measured without purification. I identified a GLuc single mutation variant L144A
that further red-shifted than the GLuc-MONSTA variant. Furthermore, the
bioluminescence and biophysical characterizations of HPLC purified variants
indicated that L144A’s thermal stability was higher than that of any of the other

GLuc variants, making it suitable for high temperature bio-imaging applications.

In chapter 4, all results are briefly summarized.




